Introduction
Recently, Si and Ge nanocrystals (nc-Si, Ge) embedded in SiO 2 matrix have attracted much attention since they are expected to show different optical and electrical properties from their bulk counterparts and hence have a great potential for optoelectronic device applications [1] . Based on the comparisons of Si and Ge effective masses and energy differences between the indirect and direct gaps, it should be easier to modify the electronic structure around the band-gap of Ge. It has been reported that nc-Ge embedded in SiO 2 matrix can be produced by several ways, such as co-sputtering of Ge and SiO 2 [2] and ion implantation [3] with subsequent annealing. However, the above methods were not easily compatible with conventional Si process and costly. It is well known that Si will preferentially oxidized during high temperature oxidation of SiGe alloys while Ge is rejected from the oxide and piles up along the SiO 2 /substate interface [4] . In this paper, nano-meter size Ge-rich dots had been fabricated by thermal oxidation of an as-deposited hydrogenated amorphous Si 0.91 Ge 0.09 (a-Si 0.91 Ge 09 :H) layer prepared by a conventional plasma-enhanced chemical vapor deposition (PECVD) system.
Experiments
First, the n-type (100) Si wafer was cleaned with standard RCA recipes, followed by a thermal dry oxidation process to grow 200 Å oxide with high-temperature furnace. Right after the oxide growth, the 40 Å a-Si 0.91 Ge 09 :H layer was deposited on the oxide by a PECVD (ULVAC CPD-1108D) system. During the deposition, the substrate temperature and pressure were kept constant at 210 ºC and 350 mtorr, respectively. The flow-rates of SiH 4 (4% in H 2 ) and GeH 4 (10% in H 2 ) source gases were 200 and 8 sccm, respectively, and the RF power density = 0.06 W/cm 2 . Subsequently, the a-Si 0.91 Ge 0.09 :H layers were oxidized with a high-temperature furnace at different temperatures (700~750 ºC) in dry O 2 ambient and then the Ge atoms would be segregated downward until they reach the thermally grown oxide. Cross-sectional transmission electron microscope (TEM) was used to observe the formation of Ge nanodots as well as to characterize the nanodot size. Fig. 1 illustrates the cross-sectional TEM micro-graph of the a-Si 0.91 Ge 0.09 :H/oxide layers thermally oxidized at 700 ºC for 60 min.. It was clearly observed that the formed nanodots had not been well separated to each other. This lower oxidation temperature (less than 800 ºC) was chosen in our study, based on the consideration that the oxidation rate of a-Si 0.91 Ge 0.09 :H at a higher temperature (above 900 ºC) is quite high and a too higher temperature would cause Ge diffusion and condensation. As can be seen from Fig. 1 , this lower oxidation temperature would not provide enough thermal energy to segregate Ge atoms from growing oxide. Fig. 2 illustrates the cross-sectional TEM micro-graph of the a-Si 0.91 Ge 0.09 :H/oxide layers thermally oxidized at 750 ºC for 60 min.. The better separated Ge-rich nanodots, of sizes ranging from 50 to 100 Å, piled up along the grown oxide and firstly grown dry oxide interface were clearly observed. Fig. 3 illustrates the enlarged cross-sectional TEM micro-graph up to atomic-scale of these a-Si 0.91 Ge 0.09 :H/oxide layers thermally oxidized at 750 ºC for 60 min.. As shown in Fig. 3 , the lattice structure of formed nanodot was not clearly observed. This might be due to the lower oxidation temperature employed in our experiments or the as-deposited a-Si 0.91 Ge 0.09 :H layer lacks any nano-crystal structure since it was prepared at a very low temperature. The formed nanodots were Ge-rich as evidenced by spectrum shown in Fig. 4 obtained with an energy dispersive spectrometer (EDS), as comparing with that of the as-deposited a-SiGe:H layer. Since the beam diameter of EDS was larger than the formed nanodots, the signal of Si K-shell would be observed. Also, the formed oxide from thermally oxidized a-Si 0.91 Ge 0.09 :H layer was inferred to be pure silicon dioxide as evidenced by its EDS spectrum.
Results and Discussion

Conclusion
In this paper, we have demonstrated the formation of the Ge-rich nanodots by selective oxidation of as-deposited a-Si 0.91 Ge 0.09 :H layer. The Ge-rich nanodots, formed by this method, embedded in SiO 2 matrix would provide a great potential for optoelectronic device applications. Furthermore, the high-density nc-Ge dots to be formed by selective oxidation of multilayers of hydrogenated amorphous silicon alloys is currently under investigation. 
